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Abstract-Photovoltaic(PV) system have been installed in some residential house, schools and buildings without energy 

storage systems.  Massive penetration of PV systems with the capability of exporting electric power into the grid, but 

without energy storage systems can affect the grid due to their intermittent nature. Therefore, integration of energy 

storage systems is essential to make the output power of PV systems dispatchable in supply and demand control. High-

efficiency power converters are indispensable to charging and discharging of energy storage devices. The main goals 

of the project included the implementation of two modes of operation: a battery discharge mode where current is 

being fed into the grid and a battery charging mode in which current is pulled from the grid and put into the batteries. 

A secondary goal of the design was to ensure that the current being injected into grid was at or near unity power 

factor. The three-phase, full-bridge bidirectional isolated dc–dc converter was introduced for high power-density 

power conversion systems. This converter works as the interface between the battery pack and the ac grid, which 

needs to meet the requirements of bidirectional power flow capability and to ensure high power factor and low THD 

as well as to regulate the dc side power regulation.  All simulation of energy storage system, bidirectional dc-dc 

converter and high frequency transformer are obtained from MATLAB Simulink Environment. 
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I.INTRODUCTION 

Bidirectional dc-dc converters (BDC) have recently received a lot of attention due to the increasing need to systems with 

the capability of bidirectional energy transfer between two dc buses. Apart from traditional application in dc motor 

drives, new applications of BDC include energy storage in renewable system. 

The fluctuation nature of most renewable energy resources, like wind and solar, makes them unsuitable for standalone 

operation as the sole source of power. A common solution to overcome this problem is to use an energy storage device 

besides the renewable energy resource to compensate for these fluctuations and maintain a smooth and continuous power 

flow to the load. As the most common and economical energy storage devices in medium-power range are batteries and 

super-capacitors, a dc-dc converter is always required to allow energy exchange between storage device and the rest of 

system. Such a converter must have bidirectional power flow capability with flexible control in all operating modes. 

In HEV applications, BDCs are required to link different dc voltage buses and transfer energy between them. For 

example, a BDC is used to exchange energy between main batteries (200-300V) and the drive motor with 500V dc link. 

High efficiency, lightweight, compact size and high reliability are some important requirements for the BDC used in such 

an application. BDCs also have applications in line-interactive UPS which do not use double conversion technology and 

thus can achieve higher efficiency. In a line-interactive UPS, the UPS output terminals are connected to the grid and 

therefore energy can be fed back to the inverter dc bus and charge the batteries via a BDC during normal mode. In 

backup mode, the battery feeds the inverter dc bus again via BDC but in reverse power flow direction. 
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Lithium-ion based battery energy storage system has become one of the most popular forms of energy storage system for 

its high charge and discharge efficiency and high energy density. This dissertation proposes a high-efficiency grid-tie 

lithium-ion battery based energy storage system, which consists of a LiFePO4 battery based energy storage and 

associated battery management system (BMS), a high-efficiency bidirectional dc-dc converter and the central control unit 

which controls the operation mode and grid interface of the energy storage system. The BMS estimates the state of 

charge and state of health of each battery cell in the pack and applies active charge equalization to balance the charge of 

all the cells in the pack. The bidirectional dc-dc converter works as the interface between the battery pack and the ac grid, 

which needs to meet the requirements of bidirectional power flow capability and to ensure high power factor and low 

THD as well as to regulate the dc side power regulation. 

The bidirectional dc-dc converter along with energy storage has become a promising option for many power related 

systems, including hybrid vehicle, fuel cell vehicle, renewable energy system and so forth. It not only reduces the cost 

and improves efficiency, but also improves the performance of the system. 

The design project was focused on building a scaled down battery energy storage system. The design was required to 

utilize power electronics to interface a battery bank with the grid. The system was required to operate in two modes, the 

“discharge mode” in which power is drawn from the batteries  and injected into the grid. The design was also required to 

recharge the battery bank from the grid during a “charge mode” of operation. High frequency step down tansformer used 

to charging   and  discharging  battery at nominal level voltages. 

 
II CIRCUIT DIAGRAM 

 

 

 

 

 

 

 

 

The transformer used in an isolated dc dc converter can experience magnetic flux saturation due to a dc-bias current 

flowing in it. As a result, high-current pulses can be observed in the ac current. They cause additional current stress in the 

switching devices, reduce efficiency, and may damage the dc–dc converter in the worst case. The so-called “dc blocking 

capacitors” are typically used to prevent the transformer from magnetic- flux saturation. However, available high 

frequency capacitors may not meet high current requirements. Parallel connections of multiple capacitors are 

accompanied by bulkiness, increased cost, and decreased reliability. Krismer and Kolar designed a 100-kHz transformer 

with a low magnetic-flux density not only to achieve a low core loss but also to provide a large safety margin prior to the 

saturation flux density. However, they did not address any dc-bias current in the transformer. Klopper and Ferreira 

proposed a sensor for measurement of flux below a saturation level. 

Figure 1.1 Li-ion battery bank of 53.2 V, 40 A·h connected to the 6-kW bidirectional isolated dc–dc converter, 

where LS is the background system impedance (<1%). LAC= 280μH(1.3%), LF=44μH(0.2%),RF=0.2Ω(3%), and 

CF= 150μF (33%) on a three-phase 200-V, 6-kW, and 50-Hz base. 
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This paper presents the 53.2-V, 2-kW· h Li-ion battery energy storage system based on the 6-kW full-bridge bidirectional 

isolated dc–dc converter using a 20-kHz transformer. However, this paper aims at demonstrating the performance of the 

bidirectional isolated dc–dc converter for low-voltage and high-current battery applications. It provides experimental and 

theoretical discussions concerning the effect of dc-bias currents on the magnetic-flux saturation of the high-frequency 

transformer. This consideration helps in designing an appropriate air-gap length in high-frequency transformers with 

different voltage and current ratings. The overall loss breakdown of the dc–dc converter compares the loss distribution of 

the low-voltage high-current converter with that of the high-voltage low-current converter. 

 

III SYSTEM CONFIGURATION 

Fig 1.2 shows the experimental setup consisting of a three-phase pulse-width modulated (PWM) converter, the 6-kW 

bidirectional isolated dc–dc converter, and the 53.2-V, 40-A·h Li-ion battery bank. The PWM converter is connected at 

the point of common coupling to the 200-V, 50-Hz ac-side through the ac-link inductor Lac, and the switching-ripple-

filter circuit is represented by LF,CF, and RF. The battery bank consists of two 26.6-V, 40-A·h Li-ion battery modules 

connected in series. Note that both the nominal battery voltage of 53.2 V and the operating voltage range of are 

determined from a practical point of view, considering system-level safety, cost, and reliability. The high-voltage dc bus 

is adjusted to keep the dc-voltage ratio of the HVS to LVS close to the transformer turns ratio. The dc–dc converter with 

a symmetrical structure consists of two voltage- source converters that are referred to as bridge 1 and bridge 2 in this 

paper. To minimize stray inductances, the LVS uses laminated bus bars so that ripple currents can flow into the dc 

capacitor CD2 that is the combination of electrolytic capacitors and high-frequency film capacitors. 

Bridge 1 consists of four 600-V, 200-A trench-gate IGBTs. Each IGBT module contains two devices in series. A lossless 

capacitor is connected in parallel with each of the IGBTs to achieve zero voltage switching and to minimize turn off 

overvoltage across the collector–emitter terminals of the IGBT. 

 

 

 

 

 

 

 

 

 

 

Bridge 2 consists of four 100-V, 500-A MOSFETs (PDM5001). Each MOSFET module also contains two devices in  

series. From the datasheet by Nihon Inter Electronics Corporation, the on-state resistance, RDS(ON), is as low as 0.5 

mΩ. 

Figure 1.2 Photo of the two Li-ion battery modules used for experiment, each of which is rated at 26.6 V and 40 A·h 
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However, the sum of the wire bond resistance, contact resistance between the source and drain metallization and the 

silicon, and the contact resistance between the metallization and lead frame is not negligible because the total resistance 

Rwcml reaches 0.6 mΩ.  

Bridge 2 is operated in synchronous rectification mode to minimize conduction loss. A small-sized RC snubber is 

connected in parallel, with each of the four MOSFETs, to reduce its switching loss and to damp out an overvoltage and 

the resultant ringings. 

Figure presents the specifications of the Li-ion battery modules of the Li-ion battery bank shown in Fig. 1. Each of the 

modules consists of seven Li-ion battery cells connected in series, where the nominal voltage of each battery cell is 3.8 

V. From the specifications given, the specific energy of the Li-ion battery module can be determined to be 63 W· h/kg, 

and its specific power to be 313 W/kg. Fig. shows the photo of the two Li-ion battery modules used in the experimental 

setup. No voltage balancing circuit is required for the series-connected battery modules. 

 

IV CONTROL METHOD 

The control method is based on an open-loop, feed forward control intended for investigating the basic operating 

performance of the dc–dc converter in the Li-ion battery energy storage system. Altera’s Max 7000s complex 

programmable logic evice is used to generate eight gate signals for all the gate-drive circuits of the IGBTs in bridge 1 and 

the MOSFETs in bridge2. The switching periods of bridges 1 and 2 are the same as 50μs (20 kHz). Due to the existence 

of finite turn on and turn off times of the IGBTs and MOSFETs, a dead time of 1.24μs is set for each leg in bridges 1 and 

2. The time resolution of the controller is 40 ns/bit, i.e., 0.29◦/bit. 

 
 

 

 

 

 

Table 1.1 indicates the relation between the dc voltage at the HVS, vD1 and the battery voltage vB during battery 

charging and discharging. The battery charging operation is carried out from an initial voltage of 54.7 V, and the 

discharging operation is carried out from an initial voltage of 55.9 V. The initial voltage is measured at iB=0. The dc 

voltage vD1 is controlled with the battery voltage vB in such a way as to minimize the voltage change across the 

auxiliary inductors and transformer leakage inductor. Adjustment of vD1 is carried out by changing the reference voltage 

of the three-phase PWM converter. 

V CONVERTER EFFICIENCY 

Fig. 1.3 shows the measured plots of the dc–dc converter efficiency and the battery terminal voltage when the battery is 

charged and discharged between 500 W and 5.9 kW. Power at the HVS, Pdc1 is calculated from measurements of vD1 

and iD1, and the battery power PB is calculated from measurements of Vb and iB by using the Hioki 3139 power meter 

having a moving average function. The losses in the Li-ion battery, the PWM converter, and the cables connecting the 

battery and PWM converter to the dc–dc converter are not considered. Therefore, this paper will consider the low-side 

dc-link voltage as the battery voltage vB.  

Table 1. 1 DJUSTMENT OF HVS DC-LINK VOLTAGE WITH BATTERY VOLTAGE 
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The accuracies of the measuring instruments are listed in the Appendix. The measured efficiency points in Fig. 1.3 are 

fitted with an exponential function, whereas the measured battery voltage points are fitted with a first-order polynomial 

function. Note that both functions use the least-mean-square approximation. 

The efficiency of the dc–dc converter is less than 92% at low power levels (<1 kW). As bridge 2 is operated in 

synchronous rectification, the conduction loss in bridge 2 should not be significant at a low conduction current. The 

conduction loss in bridge 1, the snubber loss due to hard switching or incomplete zero-voltage switching, and the 

switching loss in bridges 1 and 2 would dominate the loss at this low-power level. At battery charging, the measured 

converter efficiency peaks at 96% at PB=1.6kW. At battery discharging, measured converter efficiency averages at 

96.8% between PB=−1.2kW and PB=−2.2kW. The maximum efficiency of the converter is achieved around the onset of 

zero-voltage switching. An ob-servable decrease in converter efficiency exists when the battery power is between ±3 and 

±6 kW. This is the result from an increase in conduction, copper, ohmic, and switching losses, as the operating current 

increases to 100 A during battery charging, and to 120 A during battery discharging at the LVS. The estimation of loss 

breakdown is shown in Section V. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VI  SIMULATION AND RESULT 

 

Simulation Model of Bidirectional DC-DC Converter For Power Flow in forward direction are given below. 

 

 

Figure 1. 3 Measured dc–dc converter efficiencies and battery voltages for Battery Charging and Battery discharging. 
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Figure 1. 4 Simulation Model of Bidirectional DC-DC Converter For Power Flow in forward direction 

Figure 1. 5 Voltages at HVS of transformer and bridge 1 

Figure 1. 6 Voltages at LVS of Transformer 
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Figure 1. 7 Voltages and Current of lithium-ion battery bank 

 

 

 

Figure 1. 8 Simulation Model of Bidirectional DC-DC Converter For Power Flow in both direction 

Figure 1. 9 Reverse Voltage without filtering 

Figure 1. 10 Filtered Reverse Voltage 
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VII CONCLUSION 

 
This paper has presented the experimental results from the combination of a 53.2-V, 40A·h Li-ion battery bank with a 

single-phase full-bridge bidirectional isolated dc–dc converter. The results have verified the proper operation of the Li-

ion battery energy storage system. Discussions focusing on magnetic-flux saturation due to unavoidable dc-bias currents 

at the high-voltage and LVSs have been carried out. The transformer with an air-gap length of 1 mm has been shown 

experimentally to be robust against magnetic-flux saturation, even in the worst cases. The bidirectional isolated dc–dc 

converter exhibits high efficiency in the low-voltage and high-current operation. From the estimation of loss distribution 

in the dc–dc converter, a large portion of the loss at the rated power is caused by the turn off switching loss at the LVS. 

One of the best methods of improving the efficiency of the dc–dc converter is to operate it at a lower switching 

frequency. However, this method is accompanied by acoustic noise generation and a bulky transformer. 

 

 

 

Figure 1. 11 Reverse direction voltages of Transformer at both primary and secondary side 

Figure 1. 12 Reverse Current and voltage at battery bank 

Figure 1. 13 Forward and Reverse voltages at 3 phase load side 
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